We study the measurement-induced nonGaussian operation on the Gaussian squeezed vacuum state with beam splitters and on-off detectors, and apply it to the dense coding scheme as an operational entanglement measure.
With Gaussian operations only, however, the entanglement cannot be distilled 2) . Furthermore, Gaussian operations can be simulated classically from the viewpoint of the calculation speed 3) . These limitations give us a strong motivation to go out of the Gaussian world. The non-Gaussian operations are described with the cubic or higher order Hamiltonians, however, such nonlinearities at the photon level (for instance the Kerr nonlinearity) have only been realized in the limited models such as the cavity QED system 4) . Alternatively, the measurement-induced nonlinearity is considered to be promising, such as the conditional photon subtraction with beam splitter and photon detector. This is the projection operation on the photon number state. With this method, some protocols are proposed such as Schroedinger cat-like state generation 5) .
Furthermore, it was predicted that the photon subtraction operation can increase entanglement ideally 6) . In practical situation, however, various imperfections should be taken into account. The most serious one is the imperfection of photon detector which fails precise photon number counting. Presently, available detector can only discriminate the presence of photons. We study the measurement-induced non-Gaussian operation with such on-off type detectors on the single-and two-mode squeezed vacuum state, and we evaluate the gain in non-Gaussian operations when imperfections such as linear loss in optical paths, efficient quantum efficiency and nonzero dark count of photon detector are involved. The two-mode non-Gaussian state is also entangled state presumably, though it is reduced into mixed state due to the on-off detector. In the mixed state case, it is difficult to evaluate its entanglement quantitatively. As an alternative method, some operational measures were considered 7) . In this paper, we propose a new operational measure, the mutual information of dense coding scheme, and show that it can increase after non-Gaussian operation. We begin with the single-mode case. The schematic is shown in Fig. 1 . The initial state is the squeezed vacuum state (mode A) and vacuum (mode B). They are combined with a balanced beam splitter. Then, mode C (D) is tapped from mode A (B) with a beam splitter of high transmittance, and each tapped mode is led to the on-off detector. Then, simultaneous on events on modes C and D are selected conditionally. Finally, remaining two modes A and B are recombined with another balanced beam splitter, and each mode is measured by the homodyne detection. In this single-mode case, output B is the vacuum state due to the interference. The probability distribution of mode A is a superposition of three kinds of Gaussian terms, therefore it is totally non-Gaussian, but quite close to Gaussian. Figure  2 shows the variance of the non-Gaussian state (solid line) and the input squeezed vacuum state (broken line). This result shows that the variance of non-Gaussian state is suppressed in the range of practical squeezing parameter compared with input squeezed vacuum state, which means the squeezing degree can be enhanced effectively. Figure 3 shows the Wigner functions of single-mode non-Gaussian state of practical (left) and extremely high (right) squeezing regimes, where the former is close to the squeezed vacuum state rather than Schroedinger cat state. Then, we turn to the two-mode case, where the mode B is no longer the vacuum, but squeezed state with the reduced uncertainty of the perpendicular quadrature. Operations after this are similar to the single-mode case. Also in the two-mode case, we obtain the non-Gaussian state close to Gaussian state. In Fig. 4 , we show the variance of two-mode non-Gaussian state (solid line) and squeezed vacuum state (broken line). Then, we consider the mutual information of dense coding scheme as the operational entanglement measure, which is well-established measure in information theory. In Fig. 5 , the schematic of dense coding scheme is indicated. First, the sender Alice and receiver Bob share the entangled state, and then Alice encodes classical message on the mode A with displacement operation with the signal modulation α . Finally, Bob attempts to decode her message with homodyne detection. (left) and 0.7 (right). In both cases, we can see that the mutual information of non-Gaussian state (solid line) is higher than that of input squeezed vacuum state (broken line) in the practical squeezing regime. The dense coding scheme is one of the entanglement assisted protocols, and the improvement of mutual information is considered as the gain assisted by the enhanced entanglement via non-Gaussian operation.
